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Abstract

In Japan, cervical cancer incidence has increased since the late 1990s especially among young 

women, despite a decreasing trend in most developed countries. Here, we examined age, period 

and birth cohort trends in cervical cancer incidence rates from 1985 to 2012. Incidence rates were 

ascertained using three population-based cancer registries and analyzed using Joinpoint regression 

and age-period-cohort models. We compared the findings in Japan to trends among Japanese-

Americans in the Surveillance, Epidemiology, and End Results Registries and among women in 

South Korea using the Korea Central Registry. Age-standardized incidence rates in Japan 

decreased by 1.7% per year (95% confidence interval –3.3%, 0.0%) until 1997 and thereafter 

increased by 2.6% per year (1.1%, 4.2%). Incidence rates increased among women under age 50, 

were stable among women aged 50–54, and decreased or remained stable among women aged 55 

and over. The age-standardized incidence rate ratio by birth cohort showed a U-shaped pattern 

with the lowest rates in women born in the late 1930s and 1940s. In comparison, women born 

before 1920 and after 1970 had about double the incidence. Increasing risk in recent birth cohorts 

was not evident in Japanese-American or South Korean women. The trends in Japan may be 

attributable to increasing prevalence of human papillomavirus (HPV) infection among young 

women. Screening and vaccination have been shown to be highly effective and would help reverse 

these trends.
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Introduction

Worldwide, an estimated 570, 000 uterine cervical cancer cases were diagnosed in 2018.1 In 

most high-income countries, the incidence of invasive cervical cancer has decreased 

significantly in recent decades because of successful cervical cancer screening.2 In Japan, 

however, cervical cancer incidence rates increased by about 2% per year between 1997 and 

2012, driven primarily by increasing rates among women in their 20s to 40s.3

Several factors could explain the recent increase in cervical cancer in pre-menopausal 

women in Japan, including low levels of screening uptake, changes in sexual behavior 

leading to increased prevalence of human papillomavirus (HPV) infection, and suspension 

of active recommendation of HPV vaccination in June 2013.4, 5 Age-period-cohort (APC) 

models can be used to gain insight into how trends across ages, calendar periods, and birth 

cohorts contribute to the observed population-level trends. Health system-scale changes, 

such as updated screening guidelines and their effective implementation, for example, would 

typically have a period effect, while changes in sexual behavior and in prevalence of HPV 

are likely to be generational and would present as a birth cohort effect.

A study from the Osaka Cancer Registry comparing APC trends across many cancer sites 

showed that for cervical cancer, after many decades of decline, rates started to increase 

steeply among those born after the 1950s.6 Similar cohort effects have been observed 

internationally and have been explained by changes in gender roles and sexual practices after 

the Second World War.2 Given that the Japanese trends were observed in Osaka alone,6 we 

endeavored to determine whether this pattern was generalizable to other regions of Japan, 

and to determine the presence and/or strength of period effects.

Specifically, the objective of the current study was to conduct a detailed analysis of age, 

period, and birth cohort trends in invasive cervical cancer incidence in Japan. We also 

analyzed trends in cervical cancer incidence rates in Japanese women living in the USA 

(Japanese-American) and South Korean women for comparison to examine the effect of 

prevention and control programs and policies between populations with similar genetic risk 

and where high-quality health system and incidence data are available.

Methods

Data Sources

We obtained cancer incidence data from the high-quality, population-based cancer registries 

of three Japanese prefectures (Yamagata, Fukui, and Nagasaki) between 1985 and 2012.7 

These registries are considered the best approximation to national rates prior to the 

establishment of the national cancer registry in 2016.8, 9 In an exploratory analysis, we 

examined the incidence rate of carcinoma in situ (CIS) of the cervix to assess evidence for 

increases in cervical cancer screening. We also explored subtype-specific (i.e., squamous 
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cell carcinoma and adenocarcinoma) patterns in incidence to examine the effect of cytology 

screening. In this subtype-specific analysis we obtained histological subtype data from the 

Nagasaki prefecture only because it had high quality histological diagnoses (95% cases were 

histologically verified) and data availability.

To maximize the years for comparison with Japanese-Americans, we used invasive cervical 

cancer rates starting in 1990 (the first year for which detailed race data was available) until 

2014, from nine Surveillance, Epidemiology, and End Results (SEER) registries: California, 

Connecticut, Atlanta, Hawaii, Iowa, Detroit, New Jersey, New Mexico, Utah, and Seattle.10 

South Korean incidence rates were obtained from the Korean Central Cancer Registry 

between 1999 and 2014.

Disease definition

We used International Classification of Diseases, tenth revision (ICD-10) code to identify 

invasive uterine cervical cancer (C53) and CIS of the cervix (D06). Histological subtype was 

categorized according to morphology code of the ICD for Oncology, third edition (ICD-O-3) 

into squamous carcinoma (8050–8130) and adenocarcinoma (8140–8490).

Statistical analysis

We estimated age-standardized and age-specific incidence rates of cervical cancer in women 

aged 20 to 84 in Japan. Temporal trends in incidence were estimated using Joinpoint 

regression. Joinpoint employs piecewise loglinear regression to estimate annual percent 

changes and identify any year in which a significant change in trends occurs, which is called 

the Joinpoint. A 2-tailed p-value of less than 0.05 was considered significant. The analysis 

was performed using the Joinpoint Regression Program (version 4.5.0.1) from the National 

Cancer Institute (NCI).

To investigate the age, period, and birth cohort effects, we used the NCI APC analysis web 

tool.11 The relationship between ages, periods, and birth cohorts is perfectly collinear and 

therefore cannot be uniquely separated. Instead, APC models must be reparametrized in 

terms of estimable parameters. The APC model in this study uses the age-cohort 

longitudinal form which is commonly used in cancer surveillance research to evaluate 

etiologic changes across generations.12, 13

APC analyses require a Lexis diagram of incidence rates by calendar year and age. The 

Lexis diagram must be symmetrical, meaning that the age intervals are of the same length as 

the calendar year intervals. The incidence data was provided in five-year age groups so 

calendar time was aggregated to five-year intervals. For Japan, five intervals spanned 

between 1988 and 2012. For Japanese-Americans, four intervals spanned between 1993 and 

2012. For South Korea, three intervals spanned between 1998 and 2012. Because data in 

South Korea was only available starting in 1999, we imputed age-specific rates for 1998 

using the annual percent change of the first segment of the Joinpoint analysis.

Age-specific net annual percent changes in incidence rate are used to illustrate the 

consequence of trends in birth cohort rates.11 Period and cohort effects were presented as 

incidence rate ratios (IRRs) adjusted for the other two time scales. To facilitate data 
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interpretation, the period spanning 1998–2002, which was the middle interval of the study 

period for Japan, was the reference value for period analyses where the birth years spanning 

1936–1940, which had the lowest-risk among Japanese women, were reference values for 

birth cohort analyses.

Results

Age-standardized and age-specific trends

There were 6,760 invasive cervical cancer cases diagnosed in women aged 20–84 between 

1985 and 2012 in the included Japanese registries. Overall, between 1997 and 2012, the age-

standardized incidence rate increased significantly by 2.6% per year, after a significant 

decline of 1.7%/year between 1985 and 1997 (Figure 1). Age-specific incidence rate trends 

varied. Among women aged less than 50, there was a steady, significant increase in 

incidence rates between 1985 and 2012, with the highest annual percent change in the 

youngest women (5.1%/year for women aged 20–29, 3.2% for 30–39, 1.7% for 40–49). 

Incidence rates were stable for women aged 50–54. For women aged 55 and over, incidence 

rates decreased significantly in the 1980s and 1990s. Age-specific incidence rates in Figure 

1 are stratified by age groups defined based on similar trends. Estimated annual percent 

change for each 5-year age-group can be found in Supplementary Table 1.

The age-standardized incidence rate of invasive cervical cancer among women living in 

Japan was nearly four times higher than for Japanese-American women (13.3 vs. 

3.9/100,000 in 2012, Figure 2). Age-standardized incidence rates among Japanese-American 

women decreased steadily by 2%/year from 1990 to 2014. All age-specific incidence rates 

among Japanese-American women were stable or decreasing, and were lower than those of 

Japanese women living in Japan at all time points. Age-standardized incidence rates in South 

Korea were initially higher than the Japanese rates, but decreased by 3.7% per year from 

1999 to 2014, crossing over the Japanese rate. Among women under 30, incidence rate in 

South Korea was lower than that in Japan for all observed calendar years. Among women 

aged 50 and over, however, incidence rates in South Korea exceeded Japanese incidence 

rates despite declining significantly (–4.5%/year among women aged 50–54, –5.6% for 55–

64, –6.6% for 65–74 after 2004, and –8.1% for 75–84 after 2010).

Consistent with Figures 1 and 2, age-specific annual percent changes (Figure 3) illustrate an 

increasing incidence trend among young women both in Japan and South Korea. The results 

from Japanese Americans showed wider confidence interval (CI) compare to those of 

Japanese and South Korean due to the small number of cases. In Japan, incidence rate 

increased significantly for women aged 25 to 49. In South Korea, incidence rate increased 

for women aged 20 to 29.

Cohort and period trends

Age-standardized cohort IRRs are shown in Figure 4. In Japan, cervical cancer risk was 

lowest for women born between 1936 and 1955, with those born before 1920 and after 1970 

having about double the risk. Among Japanese-Americans, risk decreased with each 

subsequent birth year from 1901 to 1940, but appears to have leveled off after 1940. In 

Utada et al. Page 4

Int J Cancer. Author manuscript; available in PMC 2020 September 09.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



South Korea, cervical cancer risk was lower for all birth cohorts born after 1940, with the 

lowest risk occurring in the cohort born from 1971 to 1975.

The age-standardized period IRRs are shown in Figure 5. In Japan and among Japanese 

Americans, there was no significant period trend. There was, however, indication of an 

increase in risk in the most recent time period in Japan. In South Korea, the IRR was lower 

in the periods centered in 2005 and 2010 compared to the reference period, centered in 2000.

Histological subtypes and CIS

With respect to subtype specific trends in Nagasaki, the proportion of all cancers that were 

squamous cell carcinoma decreased (from 81% in 1988–1992 to 74% in 2008–2012, 

Supplementary Table 2) while that of adenocarcinoma increased (from 9% to 17%). There 

was a significant increase in incidence rate of adenocarcinoma for all ages combined (from 

1.2/100,000 to 2.5/100,000, 3.2%/year, 95% CI: 1.3, 5.0), and no significant change in 

squamous cell carcinoma (10.3/100,000, –0.4%/year, 95% CI: –2.2, 1.5). Limiting to women 

aged 50 and over, however, there was a significant decrease in squamous cell carcinoma 

(from 25.0 to 15.2/100,000, –2.7%/year, 95% CI: –5.1, –0.2) and a non-significant increase 

in adenocarcinoma (from 2.7 to 3.9/100,000, 2.2%/year, 95% CI: –2.0, 6.6).

Finally, incidence rates of CIS of the cervix increased significantly over the study period, but 

particularly since 2006 (17.9%/year, 95% CI: 10.5, 25.8, Figure 6) and driven by patterns 

among women aged less than 50 (14.6%/year among women aged 20–29 after 1985, 19.0%/

year for 30–39 after 2007, 17.4%/year for 40–49 after 2006). While incidence rates of CIS 

are low after age 50, they were nevertheless increasing among women aged 50–64.

Discussion

In this paper, we described the age, period, and birth cohort trends in cervical cancer 

incidence in Japan and compared them to trends among Japanese-American and South 

Korean women. We found that incidence rates in Japan have been rising since the late 1990s, 

particularly driven by a cohort effect of increasing risk in birth cohorts after 1960. In 

contrast, incidence rate was decreasing among Japanese-American women of all ages and in 

all but the youngest (<30 years) South Korean women.

Incidence trends

The increasing incidence rates of cervical cancer observed in Japan are inconsistent with 

decreasing trends in most high-income countries,2 but consistent with findings of other 

reports that have used high quality population-based data in Japan.3, 8 A recent summary of 

cancer mortality trends in Japan using data from the same three registries reported an 

increase in cervical cancer mortality rate starting in the 1990s.8 An APC analysis of trends 

of all cancers in Osaka reported that cervical cancer incidence rates followed a U-shaped 

cohort effect with the lowest risk among women born around 1950 and little or no period 

effect.6 U-shaped cohort effects have been observed in most European countries and China, 

but unlike in Japan, the overall incidence rates elsewhere have tended to decrease (with the 

exception of some Eastern European countries) attributable to stronger, decreasing period 

effects.2
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In this study, the risk by birth year among Japanese-American and South Korean women 

decreased prior to the 1940s and the 1970s, respectively, and then leveled off, consistent 

with the decreasing or stable cohort trends in most Oceanic and Asian countries.2 A recent 

study from South Korea national cancer registry also reported increasing incidence rates of 

cervical cancer among women born after 197314 which was consistent with ours. The 

difference of cohort effect between Japanese, Japanese-American and South Korean women 

indicates that the drivers of cervical cancer incidence differ by country.

Cervical cancer screening and prevalence of HPV infection are two of the primary drivers of 

population-level trends in cervical cancer incidence. The influence of screening tends to 

appear as a period effect, while the changing prevalence of HPV tends to appear as a cohort 

effect.

Cervical cancer screening

The lack of an overall period effect (except for an uptick in the rate ratio in the latest period) 

in Japan suggests that cervical cancer screening is not having a measurable impact on 

reducing cervical cancer rates. An organized screening program for cervical cancer using 

Pap smear was initiated in Japan in 1983 and recommended for women aged 20 years and 

over every 2 years. Population-based screening is available at municipal level through the 

National Health Insurance System or the Social Insurance System for individuals younger 

than 75 years old, but there are no systematic call-and-recall systems and there is wide 

variation in screening activities within Japan. Nationally, screening uptake therefore remains 

low.15 According to the Comprehensive Survey of Living Conditions, there has been a recent 

increase in cervical screening from 25% coverage in 2007 to 34% coverage in 2016,5 but 

uptake is still well below the 50% national target for 2017,16 as well as the World Health 

Organization (WHO) recommendation of 80% for effectiveness.17 Screening uptake in the 

US and South Korea are significantly higher than in Japan. In a 2005 US survey, over 80% 

of women were guideline-concordant for cervical cancer screening.18 In South Korea, 

insurance records indicated an increase from 41% to 51% uptake between 2009 and 2014.19

In countries with effective screening programs, the proportion of cervical cancers that are 

squamous cell carcinomas decreases, with a concomitant increase in the proportion that are 

adenocarcinomas.20, 21 This is thought to occur because cytology screening is less effective 

at preventing adenocarcinomas, the precursors of which tend to arise in the endocervical 

canal, an area that is not well reached by the Pap test.22 The subtype-specific analyses we 

conducted using the Nagasaki data indicate a similar direction of shift, and the changes in 

the proportion by histological type were similar to those observed in the UK over the same 

time period. There, the proportion of cervical cancers that were adenocarcinomas increased 

from 11% in 1989 to 21% in 2009, while the proportion that were squamous cell carcinoma 

decreased from 71% in 1989 to 68% in 2009.23 There could be some effect of cytology 

screening in Japan over the observed period, however, the effects were not sufficiently large 

to appear as a period effect reduction in incidence rate of squamous cell carcinoma 

especially among younger women. Going forward, the use of HPV-DNA testing for 

screening will improve detection of both subtypes.24
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The increasing incidence of CIS from the mid-2000s we observed may be caused by a 

change in registration for CIS of the cervix. Cervical intraepithelial neoplasia grade 3 

(CIN3) has been registered as CIS since ICD-O-3 was introduced in Japan in 2002.25 

Increased uptake of screening could also partly explained the increase of CIS, however the 

simultaneous increasing trend of invasive cervical cancer, and mortality from cervical cancer 

over the same period8 suggest instead that risk of cervical cancer is increasing, likely owing 

to increases in HPV infection.26

HPV infection

The strong birth cohort trends in Japan support the suggestion that changing prevalence of 

HPV infection is contributing to cervical cancer incidence rates. Recently, HPV prevalence 

in Japan was estimated to be 10.2%,27 comparable to the estimated global prevalence of 

11.7%.28 It is however, the historic HPV prevalence rates and trends which would have 

influenced the trends we have reported, but historically, HPV prevalence has not been 

documented. A hospital-based study conducted between 1999 and 2007 reported that the 

age-specific HPV prevalence rate among cytologically normal women peaked at 36% in 

women aged 15–19, followed by a gradual decline to 11% in women aged 40–54.4 The 

higher prevalence of HPV infection in younger women (recent birth cohorts) is consistent 

with increasing incidence rates of invasive cervical cancer and CIS observed in this study.

The trends we reported are not attributable to HPV vaccination. In Japan, the bivalent and 

quadrivalent HPV vaccines were only licensed in 2009 and 2011 respectively, and they were 

added to the national immunization program (funded and recommended proactively through 

individualized invitation letters) for girls aged 12–16 in April 2013. The suspension of active 

recommendation of the vaccine since June 2013 by the Japanese Ministry of Health, Labour, 

and Welfare led a decline in vaccination rate approximately of 70% per year in 2012 down to 

1.1% for girls aged 12 and to 3.9% for girls aged 13 in 2013, and 0.3% in 2016.29, 30 We 

therefore would expect a higher risk of HPV infection among girls who have passed through 

adolescence during the last five years.29 The US licensed the HPV vaccine for use in 2006. 

In South Korea the vaccine has been available since 2007 and has become part of the 

National Immunization Program since 2016.31, 32

In addition to vaccination, HPV prevalence is associated with age of sexual debut, number of 

sexual partners, and sexual practices. The proportion of girls aged 17–18 in Japan who had 

ever had sexual intercourse increased from less than 30% in 1987 to 47% in 2008, a change 

representative of broader shifts in attitudes toward sexuality among Japanese teenagers.33 

These cultural shifts are likely to explain, at least in part, the increasing risk of cervical 

cancer in later birth cohorts. In the US and South Korea, similar changes in sexual practices 

are likely to have occurred,14 but may have been counter-acted by increasing participation 

rates of screening.

Cigarette smoking

Cigarette smoking is an established risk factor for cervical cancer among HPV-positive 

women.34 In Japan, smoking rates among women have been decreasing slightly in the last 

10 years especially among young women from their twenties to forties.35 However, smoking 
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has only been estimated to account for 2% of all cervical cancers,36 so is unlikely to affect 

the incidence trend.

Limitations

Three limitations of this work are worthy of mention. First, in the absence of a national, 

population-based cancer registry, we used three jurisdictional registries representing a 

population of just under 2 million women to study cervical cancer incidence patterns in 

Japan. A previous study has confirmed the representativeness and comparability of incidence 

data from the three prefectures included in the study (Yamagata, Fukui and Nagasaki) and 

one more (Miyagi) between 1985 and 2004.9 Although updated data were unavailable from 

Miyagi prefecture due to issues related to data transfer, high correlation coefficients were 

confirmed between the incidence trends in three and four prefectures between 1993 and 

2007.8 The representativeness and comparability of these data sources for our use is, 

however, unknown until it can be compared to the national registry rates.

Second, cancers coded as ‘uterus, not otherwise specified (NOS)’ (ICD-10, C55) were not 

included in the analyses and are composed of both corpus and cervical cancers. In the three 

prefectural registries we included, among cancers coded as uterine cancer (either C53 

(uterine cervix), C54 (uterine corpus) or C55), the proportion coded as C55 decreased from 

14% in 1985 to 2% in 2012. In a sensitivity analysis, we added the NOS cancers to our 

analyses and found little effect on overall or age-specific results (data not shown). We 

therefore considered the effect of uterine cancer, NOS to be negligible in this study.

Third, in the international comparisons of incidence of cervical cancer, there may be some 

bias in comparisons among older women due to differential levels of hysterectomy by 

country, which have not been taken into account.37 Not accounting for hysterectomies leads 

to an overestimate in the at-risk population and a subsequent underestimate in risk of 

cervical cancer.38 Hysterectomy rate in Japan is lower than that in the US among older 

women (approximately 10% of women aged between 40 and 60 between 2001 and 2002 in 

Japan and nearly 20% of women aged between 50 and 60 between 2000 and 2010 in the 

US).38, 39 However, the increased incidence trend among young Japanese women observed 

in this study sould not be significantly impacted by hysterectomies.

Conclusions

Despite these limitations, this large, detailed analysis of cervical cancer incidence trends in 

Japan indicated increasing cervical cancer risk among the recent birth cohorts. This pattern 

was not obvious in Japanese-American or South Korean women. Based on our analyses, we 

hypothesize that the trends in Japan can be attributed to increasing HPV infection prevalence 

unopposed by comprehensive screening and, going forward, HPV vaccination. Recently, 

Sauvaget et al. outlined many of the system- and policy-level barriers to improved cervical 

cancer control in Japan. These included a lack of incentives for prevention activities among 

insurers, the absence of a unified national screening program or surveillance system, wide 

variation in municipal implementation of preventive services and a now 5-year gap in 

promotion of the HPV vaccine.15 If these barriers remain, incidence of invasive cervical 

cancer is likely to increase.
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For most cancers in most high-income countries, we have fortunately observed a trajectory 

of progress over the last several decades, as science uncovers ways to efficiently prevent 

cervical cancer by well-organized cancer screening and high-coverage HPV vaccination.40 

As an exception to this, the increasing risk of cervical cancer among young women is an 

urgent concern. In May 2018, the WHO called for all countries to take action to help end the 

suffering by cervical cancer.41, 42 Screening and vaccination have been shown to be highly 

effective and, if duly strengthened, would help reverse the distressing cervical cancer trends 

in Japan.
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Novelty and Impact

Cervical cancer incidence has increased in Japan, despite having decreased in most 

developed countries. We examined cervical cancer incidence trends by age, period and 

cohort and found a U-shaped incidence rate ratio by birth year. Women born after 1970 

had double the risk compared to those born in the 1940s. Trends may be attributable to 

increasing prevalence of human papillomavirus among young women, suggesting an 

urgent need for targeted, effective cancer control programs in Japan.
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